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OIL SHALE ENERGY AND THE ENVIRONMENT

Stephen Utter
Bureau of Mines, U.S. Department of the Interior
Denver, Colorado

Abstract

Shale oil can be produced from oil shale by true In situ, modified in situ,
and surface retorting methods. Both modified in situ and surface methods
require mining of the oil shale. The environmental implications of an oil
shale mining industry are reviewed and the impacts upon land use, air and
water quality, and ecological systems discussed. The Bureau's mining en
vironmental research program is described and the results to date summarized.
Next to coal, oil shale is our largest domestic
fossil fuel resource.

However, commercial development

application of heat to produce the shale oil and gases.
For surface retorting, the oil shale is mined by

of this energy bank will lead to environmental pertur

conventional underground or surface operations follow

bations or impacts.

ed by crushing, screening, retorting, and disposal of

These impacts must be identified

and understood and methods devised for their control

the processed or 'spent' shale waste.

and mitigation if oil shale is to be developed and

surface retort, the Paraho Retort at Anvil Points,

managed in an environmentally sound manner.

Colorado, is shown in Figure 4.

The chal

lenges of oil shale development are shown in Figure 1.

One type of

For modified iji situ, about 20 percent of the
shale is mined by conventional underground operations

Oil shale is a sedimentary rock that yields a
petroleum-like substance called "shale oil" when heated

to provide void volume for the rubblization process.

to a temperature of about 900 degrees Fahrenheit.

The remaining shale is fractured by explosives to form

degrees Celsius.)

(480

The Green River Formation under

a rubble column which is then pyrolyzed by in situ

lying some 16,500 square miles of Colorado, Utah and

combustion or by heat transfer from hot, circulating

Wyoming contains about 600 billion barrels of shale

gases.

oil in the higher grade shales.

on the surface.

Figure 2 shows the

distribution of oil shale in the Tri-State area.

The

Plceance Creek Basin deposits which contain about 80

The mined fraction of the shale can be retorted
A proposed modified in situ method is

shown in Figure 5.
For true in situ, holes are drilled into the oil

percent of these higher grade shales are illustrated

shale strata, the shale is fractured, and the hydro

in Figure 3.

carbons are extracted by the injection of hot gases or

Shale oil can be produced from oil shale by three
methods:

Conventional mining and surface retorting,

modified in situ, and true in situ.

All require the

the combustion of alr/oxygen with the shale.
Information has been collected for several years
about baseline environmental conditions in the oil

shale region and studies have been conducted about the

Many high values were recorded for non-methane

nature and sources of emissions, effluents, and solid

hydrocarbons, although the reliability of the data is

wastes from experimental oil shale operations.

questionable.

These

and other related investigations identified the follow

tion can be explained by naturally emitted terpenes

(1) air quality;

ing potential environmental impacts:

from

(2) water quality and hydrology; (3) solid waste dis
posal; and (4) surface subsidence.

According to one theory, the concentra

the abundant sagebrush.
Relatively high hydrogen sulfide and sulfur di

oxide concentrations have been recorded, but wind di

Other identified problem areas such as socio

rection analysis has failed to pinpoint any sources.

economic effects from population growth and protection

Natural gas is produced in the Piceance Creek Basin

of historic sites and antiquities are not addressed

and hydrogen sulfide commonly occurs with the gas.

here.

The hydrogen sulfide may also be oxidized to SO^, thus

Air quality has been monitored in the Piceance

Creek Basin since 1974.

The following parameters were

forming this secondary pollutant.

monitored:

Some very high particulate concentrations were
Ozone (0.),
carbon monoxide (CO),
nitrogen oxides (NO ),
methane (CH^),
x
total hydrocarbon (THC),
hydrogen sulfide (H-S),
sulfur dioxide (S02J,
total suspended particulate (TSP).

measured on a short-term basis.

Comparison of par

ticulate concentrations with meteorological parameters
showed a direct correspondence between particulate
concentrations and wind speeds.
Air quality can be impaired by oil shale pro

In general, air quality parameter values were be
cessing operations that produce sulfur dioxide (S02),
low the detection limits of the measuring instruments.
nitrogen oxides (N0^)» and carbon monoxide (CO) from
However, occasional short-term high values were re
fuel combustion.

Sulfur recovery operations emit SO^

corded for ozone, carbon monoxide, non-methane hydro
Hydrocarbons (HC's) are present in emissions from
carbons, hydrogen sulfide, sulfur dioxide, and par
combustion and from storage fuel tanks.

Shale dust

ticulates .
can be emitted in flue gases.

3
Ozone levels averaged 70 ygm/m , which is close

Mining and disposal of waste on the surface can

to the upper value given for the average global back
produce emissions of particulate matter from blasting,
ground concentration (40 to 80 pgm/m3).

Three theories
from transportation and disposal of overburden, raw

have been proposed to explain these concentrations for
a supposedly non—polluted area:

(1)

shale, and retorted or spent shale waste, from fuel

Long range trans

port of 03 from urban areas; (2 ) stratospheric injec

conbustion, and from activities that generate fugitive
dust.

tion of ozone associated with storm fronts; and (3)
photochemical reactions with naturally occurring hydro

NO^, CO, and HC's are produced from blasting.

These same contaminants plus S0 2 are produced from the
motorized equipment.

carbons .
Hazardous substances such as silica (quartz) may

3
Above average (100 to 200 ugm/m ) carbon monoxide
concentrations were noted.

be present in the shale dust.

These readings were prob

from fuel combustion and fugitive dust from retorted

ably influenced by the automobile traffic in the

shale handling and disposal could contain small quan

Piceance Creek Basin and might also have been caused,
in part, by temporary power generators.

Particulate emissions

tities of hazardous organic material and certain trace
metals.
512

Retorted shale may release ammonia, hydrogen

sulfide, and volatile organics.

rels of water per barrel of shale oil produced for

Studies of the surface and ground water show that

true in situ to 5.0 barrels for conventional methods.

water quantity and quality vary throughout the region.

Water quality can be impaired by runoff and ero-

In the Piceance Creek Basin several streams and shallow

sion from mining and construction activities, by waste

aquifers provide water suitable for irrigation, al-

water from mine dewatering, and by leachate.

though the quality of the ground water and water in

is derived from stockpiles of raw shales containing

the lower reaches of Piceance Creek exceeds the dis-

saline minerals, from retorted (spent) shale waste

solved solids, fluoride, or boron criteria.

piles, from burned-out, modified or true in-situ re-

The total dissolved solids (TDS) concentration
ranges from AAO to 5,700 mg/1.

The sulfate and dis-

torts or from spent shale back-filled into mined-out
areas.

solved solids concentrations exceed the public water

Water from aquifers penetrated by mining must be

supply limits in the lower reaches of the Creek.

pumped out.

Fluoride concentrations in the lower reaches are double

amounts of low quality water.

the limit established by the Public Health Service.
Two bedrock aquifer systems are present in the
Piceance Creek Basin.

Although the quality of the

Leachate

This dewatering could produce very large

One study concluded that the water inflow would
depend upon the geographic and stratigraphic location
of the mine.

In the Piceance Creek Basin, inflow was

ground water varies widely, both the upper and lower

estimated to range from 20,000 BWPD (barrels of water

aquifers are classified as containing sodium bicar-

per day) to 2 million BWPD with a median value of

bonate water.

200,000 BWPD.

The TDS content of the upper aquifer waters ranges
from 500 mg/1 in the recharge area to about 2,000 mg/1
in the discharge area.

total dissolved solids (TDS) for the three sites that
were considered.
Spent shales contain minerals that may be partial-

Fluoride content often exceeds

10 mg/1.

This water would average 1,500 mg/1

ly dissolved by water.

In the lower aquifer the TDS content ranges from

Laboratory and field expert-

ments show that sodium, calcium, magnesium, potassium,

about 1,000 mg/1 in the recharge area to more than

bicarbonate, sulfate and chloride are present in waters

30,000 mg/1 in the discharge area.

that have contacted freshly retorted shale.

Average level of

Organic substances in spent shales can be extract-

dissolved fluoride is nearly 10 times the recommended
value for most uses.
In the Uinta Basin where the White River is the

ed by organic solvents and by water.

Recent expert-

ments indicate that compounds belonging to the Poly-

nain source of water, the TDS concentration ranges from

cyclic Organic Matter (POM)class and other organics a-

209 to 2,380 mg/1.

long with inorganic salts can be extracted by water.

Commercial development of oil shale can impact

These organics may exhibit carcinogenic properties.
Withdrawal of good quality surface and ground

local and regional surface and ground water quality and
quantity.

The quantity of water required per unit of

water from the upper Colorado River Basin for consump-

shale oil produced will be governed by the grade of

tlve use may Increase salinity in the lower Colorado

shale and the type of mining, retorting, and upgrading

River.

methods used.

Imperial Dam because of a 1,000,000-bbl-per-day oil

Estimated water requirements range from 1.6 bar-

The estimated maximum increase in TDS at the

shale Industry is about 15 mg/1, or 1.7 percent of the
513

current value at that point.

One approach to the surface disposal problem is

Generally, the water pollution problems of mine

to compact, leach, and establish a vegetation cover on

dewatering and of large retorted shale disposal piles

the spent shale.

are not known at present, and will probably not be

this approach indicate the following problems:

known until large-scale testing is done.

cause spent shale is high in soluble salt content it

One of the major environmental problems associ

The results of several studies of
(1) be

will require leaching to remove excess salts; (2) the

ated with commercial development of oil shale is the

surface of spent shale will reach excessively high

enormous amounts of solid wastes produced from the

temperatures when exposed to direct sunlight; (3) a

processing operations.

soil covering over spent shale may be subject to re

Because of the expansive nature of the shale af

salinization; (4) spent shale is low in the nutrients

ter it is crushed and retorted, there will always be a

required for plant growth; and (5) leaching and nat

greater volume of material to be disposed of than was

ural drainage water from spent shale disposal areas

originally mined.

holds the potential for serious contamination of sur

Whether shale is mined by surface

or underground methods and whether or not back filling

face and ground water.

is employed, there will always be the requirement for
permanent surface disposal.

Safe, stable, and environmentally acceptable

The volume to be handled

waste disposal piles must be designed and well engi

by surface disposal depends on the extent of mine back

neered.

f m i n8» byproduct usage, and the recovery of associ—

bility under gravity, seepage, and earthquake loading;

ated sodium minerals.

Factors to be considered are:

(1) slope sta

(2) interference with normal ground water flow or sur

More than 95 percent of the solid wastes from a

face runoff; (3) erosion protection; (4) leaching of

conventional mining and surface retorting operation

chemical contaminants; and (5) deterioration in struc

consist of the raw shale fines from crushing and dust

tural properties after sustained time periods.

control and the spent shale remaining after retorting.

The Bureau of Mines and Development Engineering,

This represents an enormous volume of material to be

Inc., cooperated in a research study of the disposal

disposed of in an environmentally safe manner.

of retorted shale from the Paraho process.

Other

Laboratory

solids to be discarded depend primarily upon the ex

and field tests were conducted to determine the phys

tent of upgrading of the crude shale oil which is

ical and chemical properties of the retorted shale tor

carr*ed out in conjunction with the retorting opera

use in designing full-scale disposal places.

tions.

A view

of the fresh spent shale discharged from the retort i*

The magnitude of this disposal problem is illus

shown in Figure 6.

trated by the following example.

The results of laboratory and field

compaction tests showed that the material can be com

An integrated plant based on the Paraho Process

pacted to about 90 to 100 pounds per cubic foot dry

and producing 50,000 bbl/day of synthetic crude oil

density.

from oil shale averaging 28 gal/ton would need to dis

shale is classed as impervious to water flow.

pose of 68,000 tons/day of spent shale.

ure 7 shows the site of the field compaction test.

Based on these

With high compactive effort the retorted
Fig

figures, an oil shale industry producing 1 million

About 14,000 cubic yards of direct heated, retorted

bbl/day of synthetic

shale were compacted using sheep's-foot and rubber-

crude oil would need to dispose

of 1.4 million tons of solid wastes per day.

tire rollers, vibratory rollers and tractors.
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Two

infiltration ponds were also constructed, lined with

ings.

compacted retorted shale, filled with water, and the

surface structures as well as disrupt natural surface

seepage losses measured.

drainages and aquifers.

Results showed that imper-

vious dams and linings can be constructed.

It can adversely affect the

ecosystem and wildlife habitat.

A revegetated test plot of spent shale from the
Colony Operation is shown in Figure 8.

Such collapse can damage the land surface and

tential hazard to the mining operations.

This plot was

seeded in 1971 and irrigated for 3 years.

It may also be a po-

The problem of surface subsidence over mined
areas in the deep oil shale deposits is unknown.

Back filling by returning some of the waste to

Some

mining methods will almost certainly induce surface

mined-out underground workings offers a partial solu-

subsidence.

tion to the environmental problems created by the sur-

can only be surmised with presently available know-

face disposal.

ledge.

In addition to providing a means of eliminating

The extent of this surface disturbance

It is anticipated that light subsidence might

many of the environmental, health, safety and social

occur where maximum back filling is done in mined-out

problems associated with surface disposal, back filling

areas and/or substantial pillars are left for support.

can provide other benefits to the mining process.

The

With less than maximum back filling and/or pil-

support potential of spent shale can help to reduce

lar support, moderate subsidence could be expected.

lining support costs and to control subsidence.

Severe subsidence would occur in the absence of back

The Bureau sponsored a research study to de-

filling and with the maximum extraction of the pillar

termine the most effective systems for underground

supports.

disposal of spent shale where chamber and pillar min-

tation and cause some loss of wildlife habitat in the

ing or sublevel stoping methods were used.

subsided area.

Results of

this study showed that 70 to 85 percent of the spent
shale could be placed back in the mine.

Total cost

Such subsidence could reduce existing vege-

Probably the most serious impact of this vegetation loss would be on the White River mule deer

using a conveyor system was estimated to be $0.80 per

population of the central Piceance Creek Basin as

ton of retorted shale or $1.10 per barrel of shale oil.

shown in Figure 9.

The cost for surface disposal was about one-half
the underground cost.

Back filling also reduced the

The purpose of the Bureau*s Mining Environmental
Research— Oil Shale Program is to identify the envir-

land area required for surface disposal and increased

onmental effects that can be expected from oil shale

the recovery of the resource by about 15 percent be-

mining and shale oil extraction, and to develop the

cause smaller pillars were left for support.

technology needed to alleviate or prevent these effects

For modified in situ, the shale that is mined may
be treated in surface retorts.

If this retorted shale

Research is conducted on diesel-exhaust emissions, water management, hydrology, rock mechanics,

were pumped as a slurry into the burned-out modified

dust explosions and fire hazards, solid waste disposal,

fu situ chambers, it might reduce surface subsidence,

and living-working environment.

** well as reduce the amount of waste for surface dis-

ing of an 800 HP diesel engine to determine its gaseous

posal.

emissions output.
Subsidence occurs in underground mines when the

Figure 10 shows test-

A view of a water gaging station is

shown In Figure 11.
An environmental research facility is under

overlying rock and soil collapse into the mined openSIS

construction in the oil shale deposits of the Piceance

mine the nature and extent of hazards associated with

Creek Basin of northwestern Colorado where mining en-

oil mining.

vlronmental data will be obtained under actual field
conditions.

An aerial view of the test tract is shown

An artist's concept of these research activities
ia depicted in Figure 15.

in Figure 12 during the drilling of a 10-ft diameter
shaft to a depth of 2,371 ft.

After the successful

drilling of this shaft through two bedrock aquifers,
steel casing 8 ft. in diameter was installed and ce
mented in place.
The contractor is presently equipping the shaft
with a headframe, hoisting and ventilating equipment,
etc.

A view of the headframe is shown in Figure 13.
Five levels are planned from the shaft at various

depths as shown in Figure 14.
Test chambers will be excavated and rock me
chanics tests conducted to determine the In situ
stresses and the rock strengths.

This information is

required for designing structurally sound and safe
mining systems.
Hydrology tests will be carried out to define
aquifer properties for development of water management
and control procedures.
Detailed geological studies will be made to de
termine geotechnical features and their effects upon
surface subsidence.
Surface water flows will be measured and ana
lyzed to measure the environmental effects of the op
erations upon surface drainage.
A simulated modified in situ retort chamber will
be excavated to measure the effects upon subsidence.
Setorted shale stabilization tests will be made
to develop technology for reducing subsidence and
ground water pollution effects.
Underground back filling tests are planned as a
partial solution to subsidence and surface waste dis
posal problems.
Living and working environmental research (dust,
gases, temperature, etc.) will be conducted to deter-
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THE CHALLENGES

1. Are the economics attractive enough
to w arrant investment?
517

2. Can an oil shale industry develop
in harmony with the existing
environment?
__

Figure 1. - The Challenges of Oil
Development
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Figure 3. - Piceance Creek Basin
Deposit

520
Figure 4. - The Paraho Oil Shale Retort

521
Figure 5. - A Proposed Modified In Situ
Concept

522
Figure 6. - Spent Shale From the Paraho
Retort

523
Figure 7. - Field Compaction Test Site

Figure 8. - Revegetated Test Plot of
Spent Shale
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525
Figure 9. - Deer in Piceance Creek Basin

Figure 10. - Testing an 800-HP Diesel
Engine

Figure 11. - A water gaging Station at
the Bureau's Environmental
Research Facility

528
Figure 12. - Aerial View of Site for
Research Facility

Figure 13. - View of Headframe at the
Research Facility

Figure 14.

- Development Planned
the Bored Shaft

S3 0
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Figure 15. - Underground Research Planned
at the Facility

